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reported its beneficial effect on perinatal outcomes in 1974.
It has been considered that electronic monitoring helps obstetricians identify and interpret changes in FHR patterns that may be associated with fetal conditions as hypoxia, acidosis, umbilical cord compression and others. Then, through obtaining the opportunity for timely intervention, obstetricians have believed that they could eliminate poor prognosis such as fetal and neonatal death, neonatal asphyxia, other neonatal morbidity and subsequent neurologic impairment including cerebral palsy. This paper presents current consensus on the benefit and demerit of intrapartum electronic monitoring based on actual results of its clinical use for about 30 years, and what should be done for the future advancement.
I. Effect of FHR Monitoring on Shortterm Prognosis
With the liberal use of electronic FHR monitoring, a number of studies were conducted on its actual benefit. NIH of united states reported a review of 11 studies including almost 40,000 monitored patients and nearly 100,000 historical controls and claimed the reduction in fetal death rate from 0.176% in control to 0.054% in monitored patients. 2 Similar reduction in neonatal death rates was also reported. After these studies, in late 1970s, other series of study were conducted focusing on the comparison of effects with another intensive fetal care method that is intermittent auscultation 3^ÿ5 . No differences in intrapartum fetal death rates were found in the population including both low and highrisk patients. In contrast, Vintzileos 6 reported a significant reduction in perinatal deaths due to asphyxia in electrically monitored group in randomized, controlled trial. He claimed that the previous studies in which no different fetal death rates were found between electronically monitored and intermittent auscultation groups included only a few high-risk patients, so that the results must have represented data of low-risk patients.
Another important matter is that a nurse was assigned to each mother, that is one to one nurse to patient ratio in the intensive intermittent auscultation group and nurses auscultated the FHR at least every 15 minutes in the first stage of labor and every 5 minutes in the second stage. This type of patient care may be impractical and is impossible in usual clinical situations, so that electronic FHR monitoring is believed useful and rather convenient for improving fetal outcomes, particularly in high-risk cases.
As for neurological damage due to fetal asphyxia, MacDonald 7 suggested in 1985 that electronic monitoring may decrease the rate of seizures in the newborn.
In Showa University Hospital, FHR monitoring for lowrisk patients has been selectively performed at the time of admission with outset of labor, rupture of membrane, abrupt increment of labor pain, second stage of labor and other particular events. Table-'! shows rates of emergent cesarean section due to nonreassuring FHR pattern in low-risk patients. One out of 57 cases with cesarean delivery had severe neonatal asphyxia. This case was found to have velamentous cord insertion after delivery. At the beginning time of introducing electronic monitoring, fetal asphyxia during labor due to placental dysfunction was the main target to detect. But, recently, such cases are able to be diagnosed antenatally. We can identify depressed fetuses with use of nonstress test, biophysical profile score and so on before onset of labor. Therefore, nowadays, fetal asphyxia due to cord factor is most important to indentify during labor, which is still not easy to diagnose antenatally, then the cases with which are mostly deemed at low-risk. This implies the significance of selective application of FHR monitoring even in lowrisk patients. 
II. Effects of FHR Monitoring on Longterm Prognosis
In 1996, Nelson and et al 8 published their paper in New England Journal of Medicine. Among 155,000 children born in California, they found 95 children with cerebral palsy (CP). CP children were compared with randomly selected control children with respect to characteristics of FHR patterns noted in birth records. The results showed that patterns associated with increased risk of CP were multiple late decelerations (odds:3.9) and decreased variability (odds:2.7). However, predictive value of theses patterns for CP was 0.05% in low-risk cases, 0.25% in high-risk cases, and 0.19% in total, with false positive rate of 99.8%. Huge numbers of cesarean sections were performed in total subjects, then with the assumption that the cesarean section was not beneficial when the cesarean section had been performed in the cases without CP, nonbenefical interventions for prevention of one CP reached 2324 cases. With these results, the paper concluded that concerning prevention of CP, electronic FHR monitoring dose not appear to effective, as many cesarean sections would be performed without benefit and with the potential for harm.
Other researchers 9,10 also reported no effect in preventing adverse long-term neurologic outcomes in their papers. The reason for little effects on prevention of CP is thought that perhaps only 3 to 20% CP infants born at term are due to intrapartum asphyxia; in addition to that CP originally is relatively rare, so that it must be difficult to raise the efficiency. Furthermore, the mechanism of occurrence of CP has not been clarified yet and its relation with FHR pattern can be said almost completely unknown.
III. Problems in Electronic FHR Monitoring at Present
Today's consensus about problems in intrapartum FHR monitoring is summarized in Table- 2. Electronic monitor is more convenient than intensive intermittent auscultation, with one to one nurse to patient care and every 15 minutes auscultation. However, patients who have a monitor adjacent to their bed are often bothered and stressed by difficulty in movement and sometimes by beating sound. In contrast, nursing attention to the patient with respect to maternal comfort, emotional support, and "laying on of hands could have a significant impact on the patient's amenity. Therefore, electronic monitoring should be applied selectively and we have to improve the way of placing the monitor probe.
The second problem is a medico-legal and social issue. Electronic FHR monitoring is not perfect to prevent fetal adverse outcomes, particularly long-term neurologic impairment. There is still ambiguousness in interpretation of FHR patterns. Nevertheless, general people and even doctors who are not specialized for perinatology tend to be too confident of its effect. Thus, when the prognosis of the baby is adverse, they often deem the result obstetrician's fault as miss-judging or delay of obstetric intervention. This fact has already become a big social problem.
Increase in cesarean section rate is also a big problem, if most of them are not beneficial. One of the reasons for increase in cesarean section rate is that we have had criteria for obstetric intervention which are not completely correct or very adequate. Until recent year, it has been said that such four FHR patterns as late decelerations, severe variable decelerations, continuous bradycardia and loss of variability are ominous signs and prompt intervention has been required. Since several years ago, perinatal academic committees in various countries have been working to correct or modify these criteria for prompt obstetric intervention. NICHD (National Institute of Child Health and Human Development) concluded that the normal FHR tracing has normal baseline, normal variability, presence of accelerations and absence of decelerations, and in contrast, patterns predictive of fetal asphyxia are recurrent late decelerations, recurrent variable decelerations or substantial bradycardia with absent variability. Many fetuses have FHR patterns that are intermediate between these two extremes. Among them, those with patterns which conform to the past criteria for fetal asphyxia do not always indicate fetal hypoxia or acidosis. Then, American College of Obstetricians & Gynecologists has proposed to name them "nonreassuring FHR patterns" in stead of "fetal distress". When we look at the number of cases with low pH, incidence of below 7.1 was 40% in cases with absent variability, 8% with minimal and 5% with moderate variability. And when calculated for 7.0 of pH, they were 10%, 5.3% and 1.0%, respectively. (Fig-1 ) With these results, we can conclude that even in the cases with FHR patterns indicating fetal distress by the past criteria, the incidence of fetal acidosis is not so high, as long as FHR base-line variability is preserved. However, a few of those with moderate variability are acidemic, then their presumed condition and clinical management are still controversial, although it is significant to know positive predictive values of each pattern for fetal acidosis.
IV. For the Future Improvement of FHR Monitoring
What we should do for enhancing the value of FHR monitoring toward the future is to improve its reliability and validity. For achieving this, we have to translate the following ideas into actions. 1, Interpretation and classification of FHR pattern should be minute and detailed. Detailed analysis includes quantification of decelerations, duration of abnormal patterns, progress of such patterns and combination of each parameter so on. 2, Relation between each pattern and fetal condition should be investigated with understanding of physiological aspects. 3, Predictive values of each subclassified pattern for fetal asphyxia should be determined. 4, Guidelines for management of nonreassuring FHR patterns, which is simple and easy for clinicians to conform, should be established.
Investigators working in this academic field should take the responsibility for future advancement of FHR monitoring leading to the better maternal and fetal care during labor. 
